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SURGE PROTECTIVE DEVICE WITH
ABNORMAL OVERVOLTAGE PROTECTION

The present application 1s a 371 of International Appli-
cation No. PCT/US2016/055903 filed on Oct. 7, 2016,
which claims priority to U.S. Provisional Application No.

62/326,234 filed on Apr. 22, 2016 and U.S. Provisional
Application No. 62/238,915 filed on Oct. 8, 2015, which 1s

incorporated herein 1n 1ts entirety by reference thereto.

FIELD

The present disclosure relates generally to surge protec-
tive devices, and more particularly to surge protective
devices that can provide abnormal overvoltage protection.

BACKGROUND

Surge protective devices can be used to assist 1n protect-
ing loads from electrically mnduced damage. Surge protec-
tive devices are typically designed to deal with short dura-
tion, high magnitude voltage and/or current events on the
clectrical wiring system. These events can last from several
microseconds to several milliseconds and can be attributable
to, for instance, switching loads on and off, lightning strikes,
equipment failures, faults, etc. A surge protective device can
absorb these events by clamping them to more manageable
magnitudes. In this process, a surge protective device can
heat up and eventually wear out.

There can be other events that can occur m an electrical
system that can negatively aflect load life and that may not
be mitigated by a surge protective device. For example, an
clectrical system can exhibit voltage sags or swells. Elec-
trical systems typically exhibit non-linear, reactive charac-
teristics that can cause various undervoltage events, over-
voltage events, oscillations, and/or some combination
thereof which can be transient or even of longer term
duration. One detrimental event can be a long duration,
abnormal overvoltage condition, (e.g., swell). Loads are
rated for operation on an electrical wiring supply and system
at a particular nominal voltage, but usually are specified to
work 1 a tolerance range around the nominal voltage.
Experiencing an overvoltage condition for an extended
period of time above the high side tolerance can cause some
loads to be damaged.

SUMMARY

Aspects and advantages of embodiments of the present
disclosure will be set forth 1 part 1n the following descrip-
tion, or may be learned from the description, or may be
learned through practice of the embodiments.

One example aspect of the present disclosure 1s directed
to a surge protective device. The surge protective device can
include a surge protection circuit. The surge protective
device can include an overvoltage protection circuit. The
overvoltage protection circuit can be coupled 1n series with
the surge protection circuit. The overvoltage protection
circuit can include a voltage sensing circuit (e.g., a string of
one or more Zener diodes or other voltage sensing circuit)
associated with a voltage threshold. The overvoltage pro-
tection circuit can include one or more switching elements.
The overvoltage protection circuit can include a gating
circuit coupled to voltage sensing circuit. The gating circuit
can be configured to control the one or more switching
clements to be 1 a non-conducting state when the voltage
sensing circuit detects a voltage that exceeds the voltage
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threshold. The gating circuit can be configured to control the
one or more switching elements to be 1n a conducting state
when the voltage sensing circuit detects a voltage that does
not exceed the voltage threshold.

Another example aspect of the present disclosure 1is
directed to a surge protective device for a lighting system.
The surge protective device can include a surge protection
circuit. The surge protective device can include an overvolt-
age protection circuit coupled in series with the surge
protection circuit. The overvoltage protection circuit can
include a relay configured to operate 1n a normally closed
position. The overvoltage protection circuit can include a
bridge rectifier. The overvoltage protection circuit can
include a first circuit section coupled to the bridge rectifier
and the relay. The first circuit section can be configured to
control operation of the relay based on an overvoltage
detection signal. The overvoltage protection circuit can
include a second circuit section. The second circuit section
can be coupled to the bridge rectifier and the first circuit
section. The second circuit section can be configured to
provide the overvoltage detection signal. The first circuit
section can be configured to control the relay to be 1n an
open state when the overvoltage detection signal 1s 1ndica-
tive of an overvoltage condition.

Another example aspect of the present disclosure can
include a surge protective device. The surge protective
device can include surge protection means for protecting a
load from a short duration, high magnitude transient condi-
tion. The surge protective device can include overvoltage
protection means for protecting the load from an overvoltage
condition.

Other example aspects of the present disclosure are
directed to circuits, devices, systems, and methods for
providing overvoltage protection for one or more loads.

These and other features, aspects and advantages of
various embodiments will become better understood with
reference to the following description and appended claims.
The accompanying drawings, which are incorporated 1n and
constitute a part of this specification, i1llustrate embodiments
of the present disclosure and, together with the description,
serve to explain the related principles.

BRIEF DESCRIPTION OF THE DRAWINGS

Detailed discussion of embodiments directed to one of
ordinary skill in the art are set forth in the specification,
which makes reference to the appended figures, in which:

FIG. 1 depicts a block diagram of an example surge
protective device according to example embodiments of the
present disclosure;

FIG. 2 depicts a circuit diagram of an example surge
protection circuit according to example embodiments of the
present disclosure;

FIG. 3 depicts a circuit diagram of an example surge
protection circuit according to example embodiments of the
present disclosure;

FIG. 4 depicts a circuit diagram of an example overvolt-
age protection circuit according to example embodiments of
the present disclosure;

FIG. 5 depicts a circuit diagram of an example overvolt-
age protection circuit according to example embodiments of
the present disclosure;

FIG. 6 depicts a circuit diagram of an example overvolt-
age protection circuit according to example embodiments of
the present disclosure;
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FIG. 7 depicts a circuit diagram of an example overvolt-
age protection circuit according to example embodiments of
the present disclosure;

FIG. 8 depicts a circuit diagram of an example overvolt-
age protection circuit according to example embodiments of
the present disclosure;

FIG. 9 depicts a circuit diagram of an example overvolt-
age protection circuit according to example embodiments of
the present disclosure;

FIG. 10 depicts a circuit diagram of an example over-
voltage protection circuit according to example embodi-
ments of the present disclosure; and

FIG. 11 depicts a circuit diagram of an example overvolt-
age protection circuit according to example embodiments of
the present disclosure.

DETAILED DESCRIPTION

Retference now will be made 1n detail to embodiments,
one or more examples of which are illustrated 1n the draw-
ings. Each example 1s provided by way of explanation of the
embodiments, not limitation of the present disclosure. In
tact, 1t will be apparent to those skilled in the art that various
modifications and variations can be made to the embodi-
ments without departing from the scope or spirit of the
present disclosure. For instance, features illustrated or
described as part of one embodiment can be used with
another embodiment to yield a still further embodiment.
Thus, 1t 1s mtended that aspects of the present disclosure
cover such modifications and variations.

Example aspects of the present disclosure are directed to
surge protective devices that combine surge protective func-
tionality with abnormal overvoltage detection and shutdown
capability. More particularly, a surge protective device can
include a surge protection circuit and an overvoltage pro-
tection circuit. The surge protection circuit can be config-
ured to protect loads from high magnitude short duration
transient conditions and power surges. The overvoltage
protection circuit can be configured to protect the load from
lower magnitude, but perhaps longer duration, overvoltage
conditions. In some embodiments, the surge protection
circuit can protect loads from a voltage condition associated
with a first magnitude and the overvoltage protection circuit
can protect loads from a voltage condition associated with a
second magnitude. In some embodiments, the first magni-
tude can be greater than the second magnitude, such as at
least two times greater than the second magnitude, such as
at least ten times greater than the second magnitude. The
surge protection circuit and the overvoltage protection cir-
cuit can be mncluded within the same housing or module.

According to example aspects of the present disclosure,
the surge protection circuit can include one or more surge
protection elements such as one or more fuses, breakers,
metal oxide varistors (MOVs), gas discharge tubes, Zener
diodes, transient voltage suppression (1VS) diodes, thyris-
tors, electrostatic discharge protection devices, and/or other
surge protection elements. The surge protective elements
can be configured to absorb short duration power surges
and/or can be configured to disconnect power from the load
during short duration power surges. In some embodiments,
the surge protection circuit can include MOVs coupled
between a first AC line and a second AC line as well as
between the first AC line and a reference (e.g., ground
reference) and the second AC line and the reference. Fuse
clements can be coupled in series with one or more of the
MOVs to provide additional surge protection capability.
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The overvoltage protection circuit can be coupled 1n
series with the surge protection circuit. The overvoltage
protection circuit can include one or more switching ele-
ments, such as one or more transistors (e.g., MOSFETs), one
or more relays, or other suitable switching elements. The one
or more switching elements can be controlled to be normally
in a conducting state to conduct power to a load. A voltage
sensing circuit (e.g., a string of one or more Zener diodes or
other voltage sensing circuit) can be coupled to a gating
circuit. Upon the occurrence of an overvoltage condition, the
voltage sensing circuit can trigger operation of the gating
circuit to control the one or more switching elements to be
in a non-conducting state. When 1n the non-conducting state,
the overvoltage protection circuit can disconnect power
from the load.

The one or more switching elements can remain in the
non-conducting state until the overvoltage condition has
terminated. At this point, the voltage sensing circuit can
trigger the gating circuit to cause the one or more switching
clements to return to a conducting state and to deliver power
to the load. In this way, the overvoltage protection circuit
can prevent damage to the load resulting from lower mag-
nitude overvoltage conditions.

FIG. 1 depicts a block diagram of an example surge
protective device 100 according to example embodiments of
the present disclosure. As shown, the surge protective device
100 can receive mput power from a power source 110. The
power source 110 can be any suitable power source, such as
a single phase AC power source, multiphase AC power
source (e.g., three-phase power source), DC power source,
or other suitable power source. In one example implemen-
tation, the power source 1s a single phase AC power source
having a first AC line associated with a first AC potential
(positive or negative AC voltage) and a second AC line
associated with a second AC potential (e.g., a neutral).

The surge protective device 100 can be coupled between
the power source 110 and a load 120. The load 120 can be
any suitable load that draws power from the power source
110, such as one or more lighting systems or other suitable
loads. The surge protective device 100 can include a surge
protection circuit 200 that 1s coupled in series with an
overvoltage protection circuit 300.

In some embodiments, the surge protection circuit 200
can be surge protection means for protecting the load 120
from high magnitude short duration transient conditions and
power surges. The surge protection means can include any
of the surge protection circuits 200 disclosed herein, includ-
ing the surge protection circuits 200 shown n FIGS. 2 and
3 and equivalents thereof.

In some embodiments, the overvoltage protection circuit
300 can be overvoltage protection means for protecting
protect the load 120 from lower magnitude, longer duration
overvoltage conditions. The overvoltage protection means
can mclude any of the overvoltage protection circuits 300
disclosed herein, including the overvoltage protection cir-
cuits 300 shown in FIGS. 4-11 and equivalents thereof.

FIG. 2 depicts a circuit diagram of one example surge
protection circuit 200 according to example embodiments of
the present disclosure. The surge protection circuit 200 can
receive power from a single phase AC power source in the
form a first AC line mput 202 and a second AC line 1mput
204. The first AC line input 202 can be associated with a first
AC potential (e.g., +120 'V, -120 V, etc.) and the second AC
line mput 204 can be associated with a second AC potential
(e.g., 120V, =120V, 0V, etc.). In some embodiments, the first
AC line mput 202 1s associated with a positive or negative
AC potential and the second AC line 1input 204 1s associated
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with a neutral. A reference 205 (e.g., a ground reference) can
also be 1ncluded as part of the input to the surge protection
circuit 200.

The surge protection circuit 200 can provide a first AC
mput 212 and a second AC input 214 to the overvoltage

protection circuit 300. Similar to the AC line 1nputs 202 and
204, the first AC mput 212 can be associated with a first AC

potential (e.g., +120 V, =120 V, etc.) and the second AC
input 204 can be associated with a second AC potential (e.g.,
120 V, =120V, 0V, etc.). In some embodiments, the first AC
mput 212 1s associated with a positive or negative AC
potential and the second AC mput 214 1s associated with a
neutral.

The surge protection circuit 200 includes surge protective
clements coupled between each of the respective AC line
inputs and/or the reference. For mstance, as shown 1n FIG.
2, the surge protection circuit 200 includes a first MOV 210
coupled between the first AC line input 202 and the refer-
ence 205. The surge protection circuit 200 includes a second
MOV 220 coupled between the second AC line input 204
and the reference 205. The surge protection circuit 200
includes a third MOV 230 coupled between the first AC line
input 202 and the second AC line mput 204.

The first MOV 210 can provide protection by clamping
AC voltage during current surges between the first AC line
202 and the retference 205. The second MOV 220 can
provide protection by clamping AC voltage during current
surges between the second AC line 204 and the reference
205. The third MOV 230 can provide protection by clamp-
ing AV voltages during current surges between the first AC
line 202 and the second AC line 204.

The surge protection circuit 200 1s discussed with refer-
ence to MOV surge protective elements for purposes of
illustration and discussion. Those of ordinary skill 1n the art,
using the disclosures provided herein, will understand that
other surge protective elements can be used without devi-
ating from the scope of the present disclosure, such as fuses,
breakers, gas discharge tubes, Zener diodes, TVS diodes,
thyristors, electrostatic discharge protection devices, and/or
other surge protection elements

In some embodiments, the surge protection circuit 200
can include other surge protective elements to provide
additional surge protection capability. For instance, as
shown 1n FIG. 2, the surge protection circuit 200 can include
a Tuse 240 coupled 1n series with first AC line mput 202. The
tuse 240 can be configured to open when a current higher
than a fuse rating of the fuse 240 passes through the fuse
240.

FIG. 3 depicts a surge protection circuit 200 according to
example embodiments of the present disclosure. The surge
protection circuit 200 of FIG. 3 1s similar to the surge
protection circuit of FIG. 2 except that the surge protection
circuit 200 of FIG. 3 includes an additional fuse 250 coupled
in series with the first MOV 210 and an additional fuse 260
coupled 1n series with the second MOV 220. In addition, the
surge protection circuit 200 includes a light emitting diode
(LED) 270 that can be configured to emit light as an
indicator when the surge protective circuit 200 1s operational
to protect a load from transient conditions.

FIG. 4 depicts a circuit diagram of an example overvolt-
age protection circuit 300 according to example embodi-
ments of the present disclosure. The overvoltage protection
circuit 300 can receive AC power from the surge protection
circuit 200 via AC mput 212 and the AC mput 214. The
overvoltage protection circuit 300 includes a voltage sensing
circuit that includes a string of Zener diodes 310. The
overvoltage protection circuit 300 further includes a pair of

10

15

20

25

30

35

40

45

50

55

60

65

6

switching elements 320 and 330. The pair of switching
clements 320 and 330 can be configured to be normally 1n
a conducting state so that power tlows from the AC inputs
212, 214 to the load via outputs 312 and 314. The string of
Zener diodes 310 can be coupled to a gating circuit 340. The
gating circuit 340 can control operation of the switching
clements 320 and 330 based on the voltage across the string
of Zener diodes 310. For instance, when a voltage across the
string of Zener diodes 310 exceeds a threshold level, the
gating circuit 340 can control the switching elements 320
and 330 to be 1in a non-conducting state so that power does
not tlow from the AC inputs 212, 214 to the load via outputs
312 and 314.

More particularly, the overvoltage protection circuit 300
of FIG. 4 includes a string of Zener diodes 310 coupled
between the AC input 212 and the AC 1nput 214. Diodes D1
and D2 can be coupled series with the string of Zener diodes
310 so that the Zener diodes act on a half cycle (e.g., a
positive cycle) of the AC power. The string of Zener diodes
310 can be configured to block current when the voltage
between AC input 212 and AC mput 214 15 less than a
threshold level. More particularly, each of the Zener diodes
in the string of Zener diodes 310 can provide a blocking
voltage capability up to a certain voltage blocking threshold.
Coupling the Zener diodes 1n series can increase this block-
ing voltage capability. The amount and type of Zener diodes
coupled 1n series can be selected to provide overvoltage
protection up to a desired overvoltage protection threshold.
The overvoltage protection threshold can be less than a
magnitude of a voltage protection capability provided by the
surge protection circuit 200.

Three Zener diodes are illustrated in the example embodi-
ment of FIG. 4. Those of ordinary skill 1n the art, using the
disclosures provided herein, will understand that more or
tewer Zener diodes can be used 1n the string of Zener diodes
310 without deviating from the scope of the present disclo-
sure.

The overvoltage protection circuit 300 further includes a
first switching element 320 and a second switching element
330 coupled between the AC 1nput 212 and the AC output
312. The first and second switching elements 320 and 330
can include MOSFET devices. In the example embodiment
of FIG. 3, a drain of the first MOSFET switching element
320 can be coupled to the AC mput 212 while the source of
the first MOSFET switching element 320 and be coupled to
the source of the second MOSFET switching element 330.
The drain of the second MOSFET switching element 330
can be coupled to the load (e.g., via the AC output 312). The
gate of the first MOSFET switching element 320 and the
second MOSFET switching element 330 can be coupled to
a gating circuit 340.

In the example embodiment of FIG. 4, the gating circuit
340 includes a bipolar junction transistor (BJT) switching
clement 342. Other suitable switching elements can be used
in place of a BIT without deviating from the scope of the
present disclosure, such as other suitable transistors. A base
of the BJT switching element 342 1s coupled to the string of
Zener diodes 310. The gates of the MOSFET switching
clements 320 and 330 are coupled to an emitter of the BJT
switching element 342. In addition, resistors R1 and R2 are
coupled to the emitter of the BJT switching element 342.

The gating circuit 340 1s operable to control the MOSFET
switching elements 320 and 330 to be normally 1n a con-
ducting state to conduct power to the load. When an over-
voltage condition occurs (e.g., when a blocking voltage
capability of the Zener diodes 1s exceeded), the gating circuit
340 can be operable to control the MOSFET switching
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clements 320 and 330 to be 1n a non-conducting state to
prevent power from being delivered to the load.

More particularly, the string of Zener diodes 310 can be
operable to block current when the voltage of the AC 1nput
212 does not exceed the blocking voltage capability of the
string ol Zener diodes 310. As a result, little to no current
flows through resistor R3 and a voltage less than a turn on
voltage 1s applied to the base of the BJT switching element
342 to operate the BIT switching element 342 1n a non-
conducting state. In this state, a gate voltage 1s applied to the
gates of the MOSFET switching elements 320 and 330
suflicient to maintain the MOSFET switching elements 320
and 330 1n a conducting state.

During an overvoltage condition when the AC voltage
exceeds the blocking voltage capability of the string of
Zener diodes 310, a current tlows through the string of Zener
diodes 310 and resistor R3 resulting 1n a higher voltage
being applied to the base of the BJT switching element 342.
This will operate the BIJT switching clement 342 in a
conducting state. In this state, the gate voltage applied to the
gates of the first MOSFET switching element 320 and the
second MOSFET switching element 330 will be reduced,
causing the first MOSFET switching element 320 and the
second MOSFET switching element 330 to operate in a
non-conducting state. AC power 1s not conducted to the load
when the first MOSFET switching element 320 and the
second MOSFET switching element 330 are operated 1n the
non-conducting state.

When the overvoltage condition ceases to exist and the
voltage between AC mput 212 and AC input 214 15 less than
the blocking voltage capability of the string of Zener diodes
310, the current flowing through the string of Zener diodes
310 can be limited. This will reduce the voltage applied to
the base of the BJT switching element 342 and will operate
the BJT switching element 342 in a non-conducting state. In
this state, a gate voltage will be applied to the MOSFET
switching elements 320 and 330 to operate the MOSFET
switching elements 320 and 330 in a conducting state so that
power can be delivered to the load.

Variations and modifications can be made to the example
overvoltage protection circuit 300 without deviating from
the scope of the present disclosure. For instance, switching
clements other than MOSFET switching elements 320 and
330 can be controlled to deliver power to the load based on
the existence of an overvoltage condition. In addition, the
gating circuit 340 can include additional and/or alternative
clements to control the switching elements to selectively
deliver power to the load based on the existence of an
overvoltage condition.

For example, FIG. 5 depicts an overvoltage protection
circuit 300 according to another example embodiment of the
present disclosure. The overvoltage protection circuit 300 of
FIG. 5 1s similar to that depicted in FIG. 4. However, the
overvoltage protection circuit 300 of FIG. 5 includes an
additional diode D3 and additional resistors R4 and RS to
provide, for instance, additional stability to the overvoltage
protection circuit 300. The diode D3 can be used to limit the
gate source voltage of the MOSFET switching elements 320
and 330. The resistor R4 can be coupled to the base of the
BJT switching element 342 to limit base emitter current of
the BJT switching element 342. The resistor RS can be
coupled to the emitter of the BJT switching element 342 to
limit current through diode D2. Other components can be
used 1n the overvoltage protection circuit without deviating,
from the scope of the present disclosure.

FIG. 6 depicts an example overvoltage protection circuit
300 according to yet another example embodiment of the
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present disclosure. The overvoltage protection circuit 300
includes a string of Zener diodes 310 and MOSFET switch-

ing elements 320 and 330. The MOSEFFET switching ele-
ments 320 and 330 can be configured to be normally 1n a
conducting state so that power flows from the AC iputs
212, 214 to the load via outputs 312 and 314. The string of
Zener diodes 310 can be coupled to a gating circuit 340. The
gating circuit 340 can control operation of the switching
clements 320 and 330 based on the voltage across the string
of Zener diodes 310. For instance, when a voltage across the
string of Zener diodes 310 exceeds a threshold level, the
gating circuit 340 can control the switching elements 320
and 330 to be 1n a non-conducting state so that power does
not flow from the AC inputs 212, 214 to the load via outputs
312 and 314.

The gating circuit 340 of FIG. 6 can include an optocou-
pler 350. The optocoupler 350 can be configured to apply an
output voltage based at least in part on light emitted by a
light emitting diode in the optocoupler 350. The state of the
optocoupler 350 can be used to control the state of the
MOSFET switching elements 320 and 330.

More specifically, the string of Zener diodes 310 can
receive AC power through rectifier diodes D1, D2, D3, and
D4. When the AC voltage does not exceed the blocking
voltage capability of the string of Zener diodes 310, the
optocoupler 250 provides no signal to the gates of the
MOSFET switching elements 320 and 330 leaving the
MOSFET switching elements 320 and 330 in a normal
conducting state so that power can be delivered to the load.
During an overvoltage condition, when the AC voltage
exceeds a blocking voltage capability of the string of Zener
diodes 310, current can flow through Zener diodes 310 and
resistor R6, activating the optocoupler 350. In this state, the
MOSFET switching elements 320 and 330 are controlled to
be 1n a non-conducting state so that power 1s not delivered
to the load. The MOSFET switching elements 320 and 330
can remain in this state until the overvoltage condition has
ceased to exist and the AC voltage no longer exceeds a
blocking voltage capability of the string of Zener diodes
310. Vanations and modifications can be made to this
example overvoltage protection circuit 300 without deviat-
ing from the scope of the present disclosure.

For instance, FIG. 7 depicts an overvoltage protection
circuit 300 having a gating circuit 340 that includes an
optocoupler 350 according to example embodiments of the
present disclosure. The overvoltage protection circuit 300 of
FIG. 7 1s similar to that of FIG. 6, except that the overvoltage
protection circuit 300 of FIG. 7 additionally includes a
current regulator 360 coupled 1n series with the optocoupler
350. The current regulator 360, in conjunction with resistors
R6 and R7, can be used to limit current through the Zener
diodes 310 and the optocoupler 350. The current regulator
360 can be a constant current regulator that may or may not
be adjustable.

In one embodiment, the current regulator 360 can be a
switchable current regulator having a gate terminal, a posi-
tive terminal, and a negative terminal. The gate terminal can
be coupled to resistor R7. The positive terminal can be
coupled to the optocoupler 350. The negative terminal can
be coupled to the AC input 214 through diode D2. In one
embodiment, the current regulator 360 1s an IXCP 10M455
current regulator manufactured by IXYS Corporation.

In the example embodiment of FIG. 7, the gating circuit
340 additionally includes capacitors C1 and C2, diode D5,
and resistor R8 to provide, for instance, additional stability
to the gating circuit 340. Additionally, the overvoltage
protection circuit 300 can include an LED circuit. The LED
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circuit can include an LED 370 coupled in series with a
diode D6 and a resistor R8. The LED 370 can be configured

to emit light when the MOSFET switching elements 320 and
330 are 1n a conducting state. The LED 370 can be config-
ured to not emit light when the MOSFET switching elements
320 and 330 are not in the conducting state. In this way, the
LED circuit can provide an indicator as to whether the
overvoltage protection circuit 300 1s delivering power to the
load or not delivering power to the load.

FIG. 8 depicts an overvoltage protection circuit 300
according to yet another example embodiment of the present
disclosure. The overvoltage protection circuit 300 1s similar
to that of FIG. 7 except that the overvoltage protection
circuit 300 of FIG. 8 replaces the current regulator 360 with

a current limiting circuit 380. The current limiting circuit
380 includes a MOSFET, BJT, and Zener diode to provide
current limiting functionality for the string of Zener diodes

310 and the optocoupler 350.

The example overvoltage protection circuits 300 of FIGS.
4-8 have used MOSFET switching elements 320 and 330 to

control the delivery of power to the load based on overvolt-
age conditions. Those of ordinary skill 1n the art, using the
disclosures provided herein, will understand that other
switching elements can be used without deviating from the
scope of the present disclosure. For instance, one or more
relays can be used as switching elements to control the
delivery of power to the load based on the presence of an
overvoltage condition without deviating from the scope of
the present disclosure.

FIG. 9 depicts one example overvoltage protection circuit
300 that includes a relay switching element 380 that can be
controlled to deliver power to the load based on an over-
voltage condition. More particularly, overvoltage protection
circuit 300 1ncludes a string of Zener diodes 310 and a relay
switching element 380. The relay switching element 380 can
be configured to be normally 1n a conducting state so that
power tlows from the AC inputs 212, 214 to the load via
outputs 312 and 314. The string of Zener diodes 310 can be
coupled to a gating circuit 340.

The gating circuit 340 can control operation of the relay
switching element 380 based on the voltage across the string
of Zener diodes 310. For instance, when a voltage across the
string of Zener diodes 310 exceeds a threshold level, the
gating circuit 340 can energize a coil 290 causing the relay
switching element 390 to be 1n a non-conducting state so that
power does not flow from the AC mputs 212, 214 to the load
via outputs 312 and 314. When the overvoltage condition
has ceased to exist and the voltage across the string of Zener
diodes 310 no longer exceeds the voltage blocking capabil-
ity of the string of Zener diodes 310, the gating circuit 340
can de-energize the coil 390. In this state, the relay switching
clement 380 can conduct AC power to the load. As shown,
the gating circuit 340 can include various combinations of
BITs, Zener diodes, and MOSFETS to provide current
limiting functionality as well as to energize coil 390 based
on the voltage across the string of Zener diodes 310.

FIG. 10 depicts an overvoltage protection circuit 300
according to another example embodiment of the present
disclosure. The overvoltage protection circuit 300 can
include a relay switching element 380 configured to be
normally 1n a conducting state so that power flows from the
AC mputs 212, 214 to the load via outputs 312 and 314. The
overvoltage protection circuit 300 further includes a voltage
sensing circuit 310 and a gating circuit 340. When the
voltage sensed at the voltage sensing circuit 310 exceeds a
threshold, the gating circuit 340 can control relay switching,
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clement 380 to be in a non-conducting state to provide
overvoltage protection for the load.

More particularly, the overvoltage protection circuit 300
of FIG. 10 includes a conditioning circuit 392. The condi-
tioning circuit 392 can include various elements (e.g.,
capacitors, diodes, resistors, etc.) to generate a power supply
for various components of the overvoltage protection circuit
300. For instance, the conditioning circuit can generate a
voltage Vcc to power various components of the overvoltage
protection circuit 300.

The voltage sensing circuit 310 can include a voltage
divider formed by resistors R10 and R11. The voltage
divider can provide a sensed voltage to comparator circuit
334. Comparator circuit 334 can be coupled to voltage Vcc.
The comparator circuit 334 can also recetve an mput from a
voltage reference circuit 336 configured to generate a volt-
age reference Vret corresponding to a voltage threshold. The
voltage reference circuit 336 can be an itegrated circuit or
other suitable circuit that can be programmed or otherwise
configured to provide a constant voltage reference Vretf. The
voltage reference circuit 336 can also be coupled to Vcc.

The gating circuit 340 can include an optocoupler 350 and
a switching element 342 (e.g., a MOSFET). The comparator
circuit 334 can compare the sensed voltage from the voltage
divider formed by resistors R10 and R11 with the voltage
reference Vrel. When the sensed voltage does not exceed the
voltage reference, the optocoupler 350 can provide no signal
to the gate of the switching element 342. In this state, a coil
390 associated with relay switching element 380 1s not
energized and the relay switching element 380 remains 1n
the normally conducting state.

When the sensed voltage does exceed the voltage refer-
ence, the optocoupler 350 can provide a signal to activate the
switching element 342 (e.g., providing a gate signal to a gate
of the MOSFET) causing the coil 390 to become energized.
The energized coil 390 can open the relay switching element
380 causing the relay switching element 380 to be 1 a
non-conducting state for as long as the sensed voltage
exceeds the voltage reference Vref. In this way, the over-
voltage protection circuit 300 of FIG. 10 provides overvolt-
age protection for a load.

FIG. 11 depicts a circuit diagram of an overvoltage
protection circuit according to example embodiments of the
present disclosure. The surge protection circuit 200 includes
components Z1, 72, 73 D1, Ledl, and R1. The overvoltage
protection circuit 300 includes all other components.

The overvoltage protection circuit 300 1s based on a relay
380 1n the normally closed position waiting for a detection
of overvoltage in which the relay 380 1s activated and the
line connection 1s opened, turning ofl power to the load. This
logic was chosen so that the device would reset 1tself when
the overvoltage condition 1s no long present. This can reduce
any 1ssues ol expected switching life since the relay 380
does not have to switch every time the power 1s turned on.
The line voltage on the input to the relay 1s sampled at bridge
rectifier BR1. Of of BR1 main rectifier are two main circuit
sections.

The first circuit section 1s a relay power circuit section
adjusted to provide the correct voltage and power to the
control coil of the relay 380. The first circuit section includes
R3, R4, and Zener diode D4. The relay coil can require, for
istance, 110V to operate and therefore D4 can be a 100V
Zener diode. D5 and C2 represent a peak detection and bulk
storage for control power for the relay control coil. D9 1s
across the relay control coil itself to clamp stored energy 1n
the relay coil when turned off. The first circuit section further

includes Q1, Q2, R7, R8, R9Y, and R10 and represents the
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switch circuit of the power circuit which provides for the
turning on or off of the relay 380. Q1 1s a first switching
clement (e.g., a MOSFET) that acts as the main switch
configured with second switching element Q2 (e.g. a MOS-
FET) to work as a discrete Schmidt trigger with resistors R9
and R10 providing some hysteresis between the switching
on and off based on the detection signal.

The second circuit section ofl of BR1 1s the overvoltage
detection signal circuit. The overvoltage detection signal
circuit can include resistor R2 and Zener diodes D2, D3 and
D7. The overvoltage detection signal circuit can include
components C3, R6 and D8 provide filtering and protection
for the gate circuit of Q1 which 1s the mput voltage to the
Schmidt trigger. When the peak voltage of the line 1s high
enough the detection circuit allows for Q1 to turn on and
activate the relay.

There 1s also an 1ndicator circuit consisting of D10, Led2,
and R11 connected to the normally open pole of the relay. If
the relay does open due to a detected voltage 1n excess of the
Zener set points 1n the detection signal circuitry, line voltage
1s switched to the indication circuit providing a visual
indicator the device 1s in overvoltage protection mode.

While the present subject matter has been described in
detail with respect to specific example embodiments thereof,
it will be appreciated that those skilled in the art, upon
attaining an understanding of the foregoing may readily
produce alterations to, variations of, and equivalents to such
embodiments. Accordingly, the scope of the present disclo-
sure 1s by way of example rather than by way of limitation,
and the subject disclosure does not preclude inclusion of
such modifications, variations and/or additions to the present
subject matter as would be readily apparent to one of
ordinary skill in the art.

What 1s claimed 1s:

1. A surge protective device, comprising:

a surge protection circuit comprising one or more surge
protective elements coupled between a first AC line
input and a second AC line nput, one or more surge
protective elements coupled between the first AC line
input and a reference, and one or more surge protective
clements coupled between the second AC line input and
the reference;

an overvoltage protection circuit coupled 1n series with
the surge protection circuit, the overvoltage protection
circuit including;

a voltage sensing circuit associated with a voltage
threshold;

one or more switching elements; and

a gating circuit coupled to the voltage sensing circuit;

wherein the gating circuit 1s configured to control the
one or more switching elements to be 1 a non-
conducting state when the voltage sensing circuit
detects a voltage that exceeds the voltage threshold.

2. The surge protective device of claim 1, wherein the

gating circuit 1s configured to control the one or more
switching elements to be 1 a conducting state when the
voltage sensing circuit detects a voltage that does not exceed
the voltage threshold.

10

15

20

25

30

35

40

45

50

55

12

3. The surge protective device of claim 1, wherein the
voltage sensing circuit comprises a string of Zener diodes.

4. The surge protective device of claim 3, wherein the
voltage threshold corresponds to a voltage blocking thresh-
old associated with the string of Zener diodes.

5. The surge protective device of claim 1, wherein the one
or more switching elements comprise a plurality of MOS-
FET switching elements.

6. The surge protective device of claim 1, wherein the one
or more switching elements comprise a relay switching
clement.

7. The surge protective device of claim 3, wherein the

gating circuit comprises a bipolar junction transistor switch-
ing clement.

8. The surge protective device of claim 7, wherein the
string of one or more Zener diodes 1s coupled to the base of
the bipolar junction transistor switching element.

9. The surge protective device of claim 1, wherein the
gating circuit comprises an optocoupler.

10. The surge protective device of claim 1, wherein the
gating circuit comprises a current regulator.

11. The surge protective device of claim 1, wherein the
gating circuit comprises a current limiting circuit.

12. The surge protective device of claim 1, wherein the
surge protective elements comprise metal oxide varistors.

13. The surge protective device of claim 1, wherein the
surge protection circuit 1s configured to withstand a voltage
from a 480V three phase power source.

14. A surge protective device for a lighting system, the
surge protective device comprising:

a surge protection circuit;

an overvoltage protection circuit coupled 1n series with

the surge protection circuit, the overvoltage protection

circuit including:

a relay configured to operate n a normally closed
position;

a bridge rectifier; and

a first circuit section coupled to the bridge rectifier and
the relay, the first circuit section configured to con-
trol operation of the relay based on an overvoltage
detection signal; and

a second circuit section coupled to the bridge rectifier
and the first circuit section, the second circuit section
configured to provide the overvoltage detection sig-
nal;

wherein the first circuit section 1s configured to control
the relay to be 1n an open state when the overvoltage
detection signal 1s indicative of an overvoltage con-
dition.

15. The surge protective device of claim 14, wherein the
first circuit section comprises a first switching element and
a second switching element configured as a Schmudt trigger.

16. The surge protective device of claim 14, wherein the
second circuit section comprises a plurality of Zener diodes.

17. The surge protective device of claim 14, wherein the
overvoltage protection circuit comprises an indicator circuit
configured to provide a visual indicator when the relay 1s 1n
an open state.
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